I. Introduction
Phagocytosis is a special form of endocytosis in which large foreign particles such as microorganisms and cell debris are ingested via large endocytic vesicles. In mammals, the major phagocytes are macrophages and neutrophils, and their role in defense against microorganisms and inflammation are well documented [9] . Phagocytosis of a variety of particles is known to be mediated by specific receptors for the Fc portion of IgG ( [20] , for review), and the C3b and C3d fragments of the complement ( [17] , for review). In addition, adhesion-promoting receptors that mediate the uptake of latex beads and other non-immunoreactive particles are also known ( [30] , for review).
Binding of the ligand to the phagocytic receptor generates a transmembrane signal, which triggers a series of biochemical events that link the cell surface with the subsequent cellular responses. It has been reported that phagocytosis of human neutrophils mediated by C3b-or IgG-receptors is associated with an increased formation of inositol phosphates and diacylglycerol [8] . Receptormediated hydrolysis of inositol phospholipids is konwn to be a common mechanism for transducing various extracellular signals into the cell ( [6] , for review). The hydrolysis of phosphatidyl 4,5-bisphosphate leads to an accumulation of two major second messengers, inositol 1,4,5-triphosphate (InsP3) and 1,2-diacyl-glycerol (DAG). InsP3 induces the mobilization of intracellular Ca2+, whereas DAG is the endogenous activator of protein kinase C (PKC).
PKC is found in every tissue and cell but is usually inactive ( [23] , for review). The enzyme is activated by DAG in the presence of both calcium and phospholipid. Although DAG is almost absent from cell membranes under non-stimulated conditions, it is transiently produced from phosphatidylinositol in a signal-dependent manner. Therefore, association of the enzyme with membrane is supposed to be required for activation of the enzyme. Immunohistochemistry Both resting (without phagocytic pulse) (Fig . 1A) and phagocytosing (Fig. 1B) macrophages were fixed, permeabilized, reacted with anti-PKC mAbs and processed for routine PAP technique.
Both phagocytosing and resting macrophages (Fig. 1, middle and top) were strongly positive for anti-Type 2 and 3 mAbs. Intracellular organelles such as phagosome and nucleus were invisible at this or higher bright field microscopic magnifications due to the intense staining.
In contrast, no apparent staining was observed with anti-Type 1 mAb (Fig . 1, bottom) . These results suggest that Type 2 and 3 PKC isozymes are predominantly expressed in rabbit alveolar macrophages . Controls (anti-PKC mAbs replaced by non-immune IgG) showed no labelling (data not shown) .
Immunoelectron microscopy
To elucidate the precise localization of immunoreactive PKC at the ultrastructural level , immunoelectron microscopy using ultrathin frozen sections was performed. Basically similar immunoelectron microscopic results were obtained from both anti-Type 2 and 3 PKC mAbs labelling, and no apparent labelling was observed with anti-Type 1 mAb. Therefore, we restricted our observations to the Type 2 and 3 PKC isozymes , and hereafter we simply refer to both isozymes as PKC.
In resting macrophages immunogold particles were found diffusely distributed in the cytoplasm and the nucleus, with little or no label present on the plasma membrane (Fig. 2) . Association of gold particles with certain intracellular components in the cytoplasm was not identified. Although plasma membranes showed no labelling of gold particles, the coated pit-like structure (Fig. 3 , arrowheads) revealed labelling.
Cytochemical distribution of PKC at the earlier stages of bead attachment are of particular interest for the purposes of the present study. At this stage immunoreactive PKC was found associated with the plasma membranes binding to beads (Fig. 4, arrows) and in proximity to the membranes (Fig. 4, arrowheads) .
At the later stage of engulfment (nascent phagosome), immunogold particles were observed at the plasma membranes surrounding the latex bead (Fig. 5, arrows) . Phagosomes containing latex beads were randomly distributed in the cell. Some of them accumulated at the perinuclear region (Fig. 6 ). Immunogold particles appeared to be associated with the phagosomal membranes and/or the subplasmalemmal electron dense area (approximately 50 nm in thick) (Fig. 6 , arrowheads) that we interpret as a meshwork of cytoskeleton beneath the plasma membrane reported by Reaven and Axline [25] . Frequently several phagosomes were aggregated, and appeared to fuse with each other and form a large phagosome containing many beads. In addition to phagocytosis, the phagocytic pulse with latex beads was followed by other morphological changes of the macrophages, such as formation of finger-like pseudopods extending from the free surface (Fig. 7) . Interestingly, the pseudopods revealed a labelling of immunogold particles. Controls (anti-PKC mAbs replaced by non-immune IgG) showed no labelling (data not shown).
IV. Discussion
In this study, we used the type-specific mAbs to PKC isozymes developed by Hidaka et al. [10] to examine the dynamics of these isozymes in macrophages during phagocytosis.
Our observations are summarized as follows: (1) PKC predominantly expressed in rabbit alveolar macrophages is immunologically identical to the Type 2 and 3 isozymes of PKC. Both isozymes are expressed in almost all tissues and organs [10, 15] . (2) In resting It is well known that phagocytosing macrophages generate large amount of superoxide anion (Of). There are several reports suggesting that PKC initiates O-2 generation in macrophages (e.g., [7, 24] ). However, Brieland et al. [3] reported that translocation of PKC is not necessary for the O-2 generation in macrophages. Microscopic analysis to visualize O-2 generated by human neutrophils was first reported by Nathan et al. [22] , and more recently by Hirai et al [11] . They showed that the cytochemical reaction is localized in phagocytic vacuoles and at areas of the plasma membrane attached to forein particle, but the free surface of the plasma membrane is completely devoid of reaction products. Thus, our results showing translocation of PKC to the latex bead-attached plasma membranes including the phagosomal membranes, imply that translocation of PKC is necessary for the Cs generation during phagocytosis, and the generation of O-2 may be localy initiated and regulated by PKC.
In summary our immunogold electron microscopy using anti-PKC mAbs reveals the distribution of PKC in both resting and phagocytosing macrophages.
We show the association of PKC with the latex bead-attached membranes, which we interpret as the initial step in the signal transduction that involves the phagocytosis.
